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ABS'l'HACT: Zinc phosphide (Zn3P2) is a rodeo~ 
tic:ide used to control a vmi.ety of small mum~ 
mal species. It is twnilable over-the-counter or 
as a restricted-use pesticide depending on how 
it is to be applied. The toxicity of Zn3P2 is de
pendent on the species exposed, whether the 
animal is able to vomit or not, and whether it 
is ingested on a full or empty stomach. Non
target species can be exposed through inadver
tent or intentional product misapplication. In 
this article we describe four mortality events if!. 
which wild turkeys {Meleagris gtdlopauo) were 
believed to have been intoxicated following the 
ingestion of baits containing Zn3P2. 

Key words: Intoxication, Meleagris gaUo
p,mo, poisoning, vvild turkeys, Zinc phcsphicle. 

Zinc phosphide (Zn3P2l is u dark-grey, 
crystalline compound used as ~\ rodenti
cide to control rats, mice. voles, groLmd 
squirrels, prairie dogs, nutlia, musk~uts, fe
rn! mbbits, and gophers (Casteel and Bai
ley. 1986; Clarkson, 2001; Meister, 2001). 
It is used on c1·op e:md noncrop areas in
cluding nut and fruit orchards, Chdstmas 
tree fanns, lawns, golf courses, nurseries, 
highway medians, and wetlands (US EPA, 
2004). Approved bait formulations are pri
malily gmin-based, butt\ tracking powder, 
~l concentrate us~cl to formulate grain
based baits, and meat- and fruit-based 
huits are available. Concentrations of 
Zn3P2 range from 1.82-2.00% for most 
prepared baits to lO% for the tracking 
powder. The concentrate is 6.3.2% Zn3P2. 
Baits containing Zn3P2 are available over
the-counter (OTC) or as u restricted-use 
pesticide (RUP) depending on whether 
the. formulation is designed to be placed 
underground in burrows (OTC) or to be 
used above ground (RUP). 

Zn3P2 is toxic to wild birds, nontarget 
mammalian species, and freshwater fish 
(Casteel and Bailey, 1986; Extoxnet, 1996; 
Knight, 2001). However, toxicity varies 
among species (Albretsen, 2004). Lethal, 
oral doses of Zn.1P2 for most domestic 
mammalian species are rep01ted to be be
tween 20 mgikg and 40 mglkg body weight 
(Casteel and Bailey, 1986; Albretsen, 
2004). The rodent, oral, median lethal 
dose (LD.lo) of technical-grade Zn3P2 is 
reported to be 45.7 mglkg (Clarkson, 
2001). The minimum lethal, oral dose fm· 
chickens given technical-grade Zn:1P2 com
bined with starch in gelatin capsules is l 0 
mglkg body weight (Robertson et a!., 
194.5), whereas the oral LD,;o fOr partridg
es and pheasants (species nut reported) 
given Zn.1P2 applied to wheat is 26.7 mg/ 
kg body weight (Janda and Bosseova, 
1970). White-fronted geese (An.\'cl· ,dhi
fron.s) are the most sensitive avinn species 
thus far tested with an om! LDs11 of 7.5 
mglkg technical-grade ZnaP2 when applied 
to hulled oats (Glahn und L;.llnper, HJH3). 

Zn.1Pz has n disagreeable odor resem
bling acetylene or mtten fish (Cm;tcei antl 
Bailey, 1986). It is hydrolyzed in the acidi~ 
environment of the stomach. lib~.;rating 

phosphine gas and free radicals. Zn,1P2 is 
more toxic when ingested with foqd be
cause it lowers the stomach pH (Stowe et 
al .. 1978). 

There are several case reports of wildlife 
and domestic animnl intoxication following 
ingestion of Zn3P2 (Mohr, 1959; Stowe et 
al.. 1978; Glahn and La111per, HJH:J; Drolet 
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et al., 1996). However, there have been no using a zinc-phosphide bait for rodent 
published reports of intoxication in wild control. Although nllowed by the label. the 
turkeys (Meleagris gallopavo). We report bait was placed directly on the ground, 
here a seties of cases submitted to the which w~ accessible by the hu·keys. 
Pennsylvania Animal Diagnostic Labora- The second mortality event occurred in 
tmy System (Kennett Square, Pennsylva- December 1999. Eleve11, frozen, wild tur
nia, USA) in which the deaths of wild tur- key carcasses were found by a WCO with 
keys were attributable to ingestion of the PGC adjacent to a woodlot and peach 
Zn3P2 used for rodent control in orchards orchard in northwestern l::»ennsylvunia 
and tree nurseries. (Erie -county, 42°07'N, 80°05'VV). The 

The first mortality event occurred in dend turkeys were purt of ct Hock of up
.Februmy 1998. l::£!ne turkeys were found proximately 33 birds being (i;d by a home
dead along an old ruilroad bed near two owner adjaceftt to the orchard. Seven cm·
orchards in southe<tStern Pennsylvania ca~ses were submitted for necropsy. Three 
(Montgome1y County, 40°07'N, 7.5°20'YV) of the seven carcasses were severely dam
by a wildlife conservation officer (WCO) aged by predato1·s or scavengers and were 
with the Pennsylvania Game Commission not suitable for necropsy. The other fom· 
(PGC). Sevel'al of the carcasses showed ctu·cn.sses were in reasonably good condi
eviclence of predation or scavenging. The tion, 1U1d all four birds had crops filled 
carcasses wete submitted far necropsy. with grain and gntss. Dark, hemorrh<tgic 
Gross-postmotiem examination revealed lungs w~re noted in ull birds; there were 
four birds with congested lungs. two with no other consistent lesions noted. Post
hepatic and pedtoneai hemorrhages, und mortem autolysis and freeze-thaw m·tifa<.:ts 
two with petechial epicardial hemorrhag- precluded nn ac<.!umtc histologic.: evt1lua
es. A variety of seeds W<\S found in the gb:- tion. A variety of tis~mes, including !wnin 
zards. The llHHt numerous were uniclen- and crop contents, wer~ collectt~d for tox
tified species of smatiwe~d (Polygmuw1 i<.:ologic testing. Historically, stwend pesti
sp.) and wild grnpe (Vilis sp.) that were dci<-\S had been ust~d on t\w !'ann whe.re
dctcrmined to be insignificant as a t·ause the hinl'i were l(nmd, induc.ling diphaci-
nf death. Microscopic examinuti011 of lu11g llOI\U, nJethcuJlyl, dinzitlOIJ, p;utl1imi, diindh-
spedmens showed severe congt-\stion, in~ O<tle, c;.trlmryl, <.~arho/"umn, p<.~l'lll~thrin, 
terstitial eden1a, and mild, interstitial in- m0thyl pamthiou, (.:hlorotlwlonil, !llctrihti
Hummation thitt was predornimmtly het- zin, and Zn:1P2. I ,iver tissm• was ll<··gative f(u· 
erophilic. Aerobic hn<:turial <.:nltures of antic:ongulant rodr.~tttkid<·s (l>rodif~woum. 
lung, liver, ami p!.~ricurdial fhlid .'ipet:ilm~ns lmHmldiolon<·', t•hlorophadruliW, t'otllllillitl'"' 

were negal"iv<.>. A nwtal !-it:l'<'t'll ol' kidney yl, dill•nac..:ouln, <li/(·thioloiU\ diphachtOlH', 
samples f(Jr ;u·st·nic, cndmi11111, t·alt'inm, pindom•, va!{}\w, ot· warfarin). Ct•Jwml or
copper, iron, lead, nJng•H'Shttll, liH\Il~a- gani<.: dwnlit•td st·re<·ns hy C:C-MS and liq-
nt1se, -nwlyhdt·'lllllll, total p liosphon_ts, .'i('- tli d <.·ili'Cllllatograph y-n 1 il!'i.'i SJH'<.'lrosc:opy 
lenium. zinc, and tlwllitttll p<~rl'onned by w<•n• m~gative f{Jr organopho!'!vlmt<· or t·ar
inductively (.'011pfec.l plasma tliHSS spet·- banmtt~ inst•t'ticides. Bt'('iUIS(' or a histmy of' 
tt·omett)' W<lS nt .. gntivt~. A poolt~d smnpil~ of' the nst! of' Zn:1P2 ami c.;onsistent, gross lt•
crop c.:untents WiL'i negative for cyanide or ·-·sions of pulnJOIIUJ}' ed<"IW.l, crop <.:ontetJts 
other compoumls detecbtble with routine were tested f(>r phosphine hy GC-lv"lS and 
sCreening by gas chromatogrnphy-mass found to he positive. The L)lwsphine was not 
spectroscopy (GC-MS) su<.:h ns orgnno~ quantifiecl. ~ 
phosphate insecticides. However, phos- The third mmtality t~vent oc<.:UIT(!d in 
phine w•L< detected by GC-MS, but not Jumnuy 2(XJI and iu~olvc'<l tlw d<•aths of 
quantified. in tlw pooled snlllple. Til<.. six wild turkt•ys in so11th C.'('lll"rnl Pl•nnsyl
owner of one of the or<.:hards admitt~d to vania (Adams Couuty. :J~)04H'N. i7°1:3'\V). 
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One turkey was mdio-tagged as part of a 
population study being conducted by tbe 
PGC. Investigation of its lack of move
ment led to the discovery of the six turkeys 
at a roost site approximately 50 m from a 
fnJit orchard. One carcass and four crops 
were submitted to the laboratmy for ex
amination. All five crops contained fruit 
pulp and skin that appeared to be delived 
fi·om apples. In addition, all crops con
tained blue-green material with a doughy 
consistency along with unidentified .seeds, 
grasses, and leaves. There was a suspicion 
that the birds might have been exposed to 
ZnoP2 because the rodenticide was used in 
the proximity of the birds. Crop contents 

· were tested for zinc. Zinc concentrations 
/ in the five crops, detennined by atomic ab
\ sorption spectroscopy, were 40 parts per 

million (ppm). 438 ppm, 975 ppm. 1,513 
ppm, !md 1,850 ppm (wet weight). The an
ticoagulant rodenticide, chlorophacinone, 
was also detected by high-performance 
liquid chromatogmphy but not quantified. 
Zinc concentrations in two control-turkey 
crops were deten11inecl to be 16 and 7 
ppm. A diagnosis of Zn:1P2 intoxication was 
made based on a histuty of the use of 
Zn:3P2: in the area. clppnrent sudden deaths 
of sev~nd bircl<>, high concentrations of 
zin<.: in fout· of five c:rop content~. and no 
~vidence of a coagulopathy. consistent 
with c:hluroplu.H.:inone intoxication, on 
p<JstnHJl'tenJ examination. 

Mortality event number finu· o<.:c..:urred in 
F'C:"h111a1y 2oo2 and involved ten birtb:. All 
were t'o~111d d~ud on the hrrouncl within 42 
m2 in western Pennsylvania (Allegheny 
~County, 40Q2..c:5N, 7C.t47VV} hy a loccU !lome
owner who notified a WCO with the PCC. 
Two c:an:asse.s were heavily scavenged; 
eight were submitted fOr necropsy. Al
though tlu~re was evidence of some s<.:av~ 
enging c1.nd autolysis, the carcasses were in 
relatively good postmortem condition. 
Grossly, all birds were noted to have dark 
red to blac.:k lungs; several lungs were sat
llltlted \vith serosanguineous Huid. Fecal 
exa111ination fi:Jr intestinal panL<>ites WH.S 

negative <l'i were aerobic: cultures of liver 

and pericardial samples for bactetial path
ogens. Analysis of crop contents was posi
tive for QhotJbiile using a colorimetric pro
cedure. A n3Pz-laced, cracked-con1 bait 
had been used according to label directions 
for mouse control by a nearby mu·sery. The 
bait had been broadcast between rows of 
fruit trees. The same procedure had been 
used for a number of previous years with~ 
aut apparent problem. However, it was be~ 
lieved thut the lack of snow cover made the 
bait more reudily accessible by the birds. 

Zn.1P2 hHs been used ns a rodenticide 
for many years !Uld was p<uiicularly pop
ular dwing World War II, when the supply 
of red squill ( Urginea maritima), contain
ing the active ingreditmt scilliroside, was 
limited (Casteel and Bailey, 1986). For 
many rodenticide applications, the antico
aguhmts have replaced Zn3P2. However, 
Zn3P2 is still readily available and has a 
range of both crop and noncrop uses for a 
variety of small-mammal pests (Casteel 
and Bailey, 1886: Clarkson, 2001: Meister, 
2001). Zinc phosphide is directly irritating 
to the gastric and intestinal mucosa and 
c.:auses mpid emesis (Casteel and Bailey. 
1986). The ability of many nontarget mam~ 
maHan and avian species to vomit, com
pared v.rith th~ inability of many target 
mmnma.linn spedes to vomit, confers some 
degree or selectivity of Zn:lP2 tlS u roden
ticicle. However, it is u highly toxic com
pound to most sped<.~:-; (Casteel and Bailey, 
l98G; ExtoX!Iet, 18!Jfi; Knight, 20()] ). The 
inherent toxicity of' Zn:1P2 combined with 
baits thut contain relatively high colleen~ 
trutions rnnkc.~s its w~e potenthtlly hazard
ous for nontnrget species. For this rl.'Hson. 
above-ground ctpplication is restricted to 
licensed individuals. 

Populations of wild turkeys hnve il}

creused dramatically in r..:cellt years in many 
are~ of the countiy where they had been 
largely extirpated (Dickson, 1992). Given 
the incre!'L<>ing numbers of wild turkeys. it is 
likely that there will be a higher prevalenG-e 
of intoxication f1t>m commonly used insec
ticicles and rodenticiues. All four mort!Jity 
events oceurred dmin~ winter when othe1· 
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food item.s may have been SCi:trce ~md baits 
containing Zn3P2 more ath·active. It is be
lieved that birds will generally avoid baits 
containing Zn3P2 if other food is available 
(Glahn and Lampe1; 1983). Assuming that 
wild turkeys are as sensitive to Zn3P2. tlS 

pheasants (LD,,., of -26 m§"kg body weight; 
J•mda and Bosseovn, 1970), a typical, adult. 
female, wild turkey weighing S kg would 
only have to ingest approximately 6 g of a 
2% ba.it to reach a potentially fatal dose. 

As is the C>ISe with the most wildlife
mortality events, ;;mimals are most often 
found dead with no plior observation of 
clinical signs. In addition, the quality of 
!iHmples RV~tilablc for postmortem exami
nation is generally poor, which precludes 
good histopathologic. microbiologic, ,md 
virologic evuluntions. In many cnses, only 
gross-po~'tmortem excuninations and toxi
cologic analyses can be pe1fonned. Le
sions associated with Zn:1P2 intoxication 
nre nonspecific and primarily involve gen
eralized organ congestion. In the cases de. 
scribed here, notable pulmonc.uy conges· 
tion was th~ only clue to possible intoxi~ 
cution by this rodenticide. In some C<L'\es, 
perceptive dingnosticians m:.ty note a dis· 
tinctive odor to the gnstrointt~stinul con~ 
tents, whic:h h:.ts bet~ll desc.·rihed as snw!J. 
ing like at·c>ty]ene, garlic, or rnttc.•n fish 
(CtL,tcel and !3ttiley. lfJHB). 

There:· are several mmlyticctl approaches 
to detecting Zn:1P:2 indnding colorimt'tri<:, 
gns c.:l1romatography, and CC·MS nw·tiHJt!s 
(C11ttlt' l't al.. l~fl·~; Droll't l't ,J .. lfJfJ(i; 
Sl'(~rnc·!l", lmJfi). All involvt-' tlw cleh:•ction oF 
phmphilH' gas ;llH( not intac.·t Z11;1P2. Crop 
or stomac:h c.·ont<'llt s;unplt•s art• prt_,/(-•JT<··d 
to <.'m1firn1 t>xpo.•wn.• ht·em1:w otlwr sampl<.'s 
an! unlikely to t•ontaill dett~r.·tahll:' <.:onc.·t•n· 
tntt·ions (Robertson et al., 1945; M1.1tschk0 
et al.. 1992; Gualc et al., 1994). Phosphine 
ga.s dL'i.sipates rapidly in ulr. and idt::mlly, 
samples of gastrointestinal contents should 
be packed in air·tight containers <l!ld stated 
and shippetl fron·m to prevent phosphine 
loss (Goal" eta!.. 19~4). AltenHttively. a fm
?.en, whole carc.:;L'iS can ht" submitted. Phos~ 
pl1iJll .. r(~t'(>Vt"lY f'rtllll gustrointe.stinal t11tc:ts 
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declh1es a.'l the poshnortem interval in
creases (Robertson et a!., 1945). However, 
in the described cases, no particular pre
cnutions were taken to prese1ve gastroin
testinal contents samples, so less~tlmn.-ideal 
sample handling should not preclude an at
tempt to detect phosphine. Although phos
phil1e was not quantified in the three ccL'ies 
in which it was detected, its presence, <.tlong 
vvith other case infOrmation, was deemed 
sufficient to support a diagnosis of Zn:1P2 
intoxication. The d.iagno.sis in event nUinber 
three is the most tenuous because te~ting 
for phosphine in gcL'itrointestinal contents 
wn."i not perfOrmed. An indirect indicHtion 
of ingestion of Zn:3P2 involves the measure· 
ment of elevated concentrations of zinc in 
gastrointestinal contents and tissues (C<L"\
teel and Bailey, 1986). Detection of 7.inc at 
1,513 ppm and 1,8.50 ppm (wet weight) in 
two of five .submitted c:rop contents, along 
with the !mown use of Zn3P2 within 50 m 
of the dead birds, is highly suggestive of 
intoxication. Zinc concentrations in n vnri· 
ety.of see(l'i and gmsses ~tre genemlly well 
below 100-ppm wet W<ei~ht (NRC, HJR2). 

Like. Zn3P2. aluminum phosphide (AlP) 
degrades rt~adily to relc~L"\e phosphin(" g:L"\ 
(H:JP). Ahuninun1 phosphide is used pri
lnarily as a fitmig:nnt of endo.sed gnd11 ,<;tor
age and transport areoL'i and, lc:•ss comn1on· 
ly. in rnclentic:ide hnits aud for f'm11igatim1 
of rodent burrows. Although "vildlife:! StW· 

des ;lre le:-;s likely to he. .. {"Xpo!oiecl l'o AlP. 
dettx·tion of phosphillt' in g<L'itrointestinnl 
contents dm~s not ditTerl'lltiatc-' bet"\.vt~en 

th(." two, and n diag11osi,..; should lw ha:·wd 
on t'xposun .. lti:-~tory amVor Pl,~vah•d t·on
Cl''lltnttions of zine in gasl"mintl'~tinal c·on
t-ents and tissnt!S. 

Co1npured witl1 ot!Jt•r rc>dC.'IItit'itlt~!'i. S11d1 
as st1yehnine and c.·on1po1111d lO~W. Z11;3-P2 
presents le.ss dsk of' a lethoU, secondary in
toxication to scavengers, suc.:h as foxes. 
<.logs, cats, and rnptors, f(Jllowing their ill· 
gestion of n t;'.rget species killed -by Zn3P2 
(Bell, 1975; Hill and C'u11ent~r. HJII2; 
Matschkt< et al., 1fJ92; Sterner and Maul
din, 1995; Sterner, HJH<l). In one study. it 
W.L' e.<tiltl!lt("l that cats and dog:< of' variollS 
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body weights would have to ingest be
tween five and 847 intoxicated voles in a 
short peliod of time to approach a le~1al 
close (Stemer, 1996). 

The mechanism oF toxic action of Zn3P2 
is not clear. It is llkely that phosphine gas, 
relecJ.Sed in acidic portions of the gastroin
testinal tract and absorbed, causes oxidative 
tissue damage (HS11 et al., 2002). Damage 
to heart and lungs is likely to be responsible 
tOr early deaths. Onset of cltnicnl signs fOl
lowing ingestion is variable but is most of
ten within 4 hr (Casteel and Bailey, ] 986). 
P;;ut1iclges and phea .. •mnts developed clinical 
signs between 2 hr and 6 hr after ingestion 
(Janda and Bosseova, 1970). Clinical signs 
are nonspecific: ex-petimentally poisoned 
poultl)' exhibited depression, rutlled feath
ers, anorexia, and dianhea (Roberston et 
,!],, 1945). Parhidges and pheasants exhib
ited lbi:lessness. anorexia, tachypnea, stiff
ness, and musc:le spasms (Janda and Bos
seova, 1970). Likewise. pustm01tem lesions 
are nonspecific. Gross lesions are limited to 
generalized organ conge~tion and pelicar
diu.l, ple!lral, and pe1itonea.l effusions. Hi.s
tologic l"hanges in intoxicated poul t1y in-· 
elude venous congestion, cloudy ~welling in 
the epithelial cells of the small intestine, 
and f~ttty degenerntion in the live!". (Hob
eJtson et nl.,. H.J4.5). 

Direct ingestion oi"Zn:1P2 baits hy many 
wildlil(.~ species can ce~use:• intoxication anti 
should ht• t.:onsic.lt·red in the clif"f<:m:•ntial di
i.tgnosis of" HllY wiJdJifU-lllOt"tality e ... "L•nt in 
n.·gions in whic:h it is \!Sed. Th<:~ risk or 
nontargc-!t-nnilnal intoxit·ation from inges
tion of" hait can lw minimized hy liJIIowinp; 

-label direl"tions. S(;'<."tJ!Hllrv intoxi<:ution or 
sc.:m-·e:·nger six:><:i<""S is unlik~ly. 
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